enjoyment of aggressive tasks against provocateurs, which supports an intrinsically rewarding model of this behavior (Carré, Gilchrist, Morrissey, & McCormick, 2010) .
Participants' motivation to harm disliked outgroup members was positively correlated with the extent to which they recruited the muscles used for smiling (Cikara & Fiske, 2011) . Taken together, these findings suggest that aggression can be rewarding, but that this experience is dependent upon a prior instance of provocation.
Neuroimaging evidence has corroborated the behavioral findings that retaliation is hedonically rewarding. After an insult, participants showed both greater aggression and greater left-hemispheric frontal asymmetry, an indicator of the activation of the REVENGE AND REWARD 5 Behavioral Approach System (BAS; Harmon-Jones & Sigelman, 2001 ). BAS activation is reliably linked to the hedonic experience of positive affect (Gray, 1994) . However, approach motivation and hedonic reward differ in that the former represents a behavioral propensity and the latter refers to a subjective, valenced experience.
Electroencephalography techniques have been crucial in understanding the role of the BAS in aggressive tendencies, but other neuroimaging techniques with the spatial resolution to explore subcortical functioning have yielded other insights into the neural correlates of aggressive behavior.
Research on the neural basis of punishment demonstrated that monetary penalties delivered to unfair individuals were associated with activity in two brain regions previously associated with reward processing: the caudate nucleus and ventromedial prefrontal cortex (VMPFC; de Quervain et al., 2004; Lotze, Veit, Anders, & Birbaumer, 2007) . These findings have been interpreted as indicating that individuals experience pleasure in response to the punishment of individuals who are perceived to deserve such retribution. The dorsal MPFC (DMPFC) is also active when individuals selected the level of harm to inflict on a provocateur, suggesting that social cognitive processes (e.g., mentalizing) are critical components of aggression (Lotze et al., 2007) .
The DMPFC, along with the dorsal anterior cingulate cortex, hippocampus, and anterior insula, has robust associations with the experience of anger, angry rumination, and displaced aggression in response to provocation (Denson, Pedersen, Ronquillo, & Nandy, 2008) . These findings from the neuroscientific literature of punishment inform our basis for understanding the neural correlates of retaliatory aggression as such violent acts are themselves a form of punishment.
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The seminal neuroimaging study to explore the neural correlates of retaliatory aggression showed greater activity in the caudate nucleus when participants exhibited greater retaliatory aggression (Krämer et al., 2007) . This caudate activity was interpreted as an indicator of reward. However, the caudate's role in the hedonic experience of reward is not clearly supported. This region, along with the rest of the dorsal striatum, functions more in the domains of behavioral response selection in service of motivational and goal states (Grahn, Parkinson, & Owen, 2008) and the habituation of rewarding behaviors (Graybiel, 2008) . Large-scale meta-analyses of appetitive cue reactivity paradigms fail to reliably show caudate activity, challenging this region's putative role in the experience of hedonic reward (e.g., Chase, Eickhoff, Laird, & Hogarth, 2011) . If the caudate is not a reliable marker of hedonic reward, what brain region is?
The NAcc and VLPFC: Their Opposing Relations to Retaliatory Aggression
NAcc and reward. The ventral striatum, specifically the nucleus accumbens (NAcc), is a brain region that is best described as "a servant to many masters" (Floresco, 2015, p. 27) . The NAcc is a crucial node in learning, motivation, and reward circuits that serves to promote goal attainment (Floresco, 2015; Shohamy, 2011) . Of these various psychological processes, the NAcc is most reliably associated with the subjective experience of hedonic reward and pleasure (Bartra, McGuire, & Kable, 2013; Berridge & Kringelbach, 2013; Diekhof, Kaps, & Gruber, 2012; Kühn & Gallinat, 2012) .
Using Neurosynth (neurosynth.org; Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011) , a publically accessible, meta-analytic database of thousands of neuroimaging studies, we observed that the keyword 'reward' produces two relatively large reverse-REVENGE AND REWARD 7 inference clusters of brain activity in the bilateral NAcc (left peak Z = 25.42, x = 10, y = 8, z = -7; right peak Z = 25.00, x = 12, y = 9, z = -8; 560 studies). Whereas the keyword 'learning' yielded relatively smaller and weaker clusters of NAcc activity (left peak Z = 6.83, x = -12, y = 8, z = -10; right peak Z = 4.66, x = 12, y = 8, z = -10; 807 studies).
Together, this wealth of evidence demonstrates that the NAcc isn't merely a 'pleasure center', but still it is a crucial and robust neural correlate of the experience of reward.
NAcc and aggression. If retaliatory aggression is truly a rewarding behavior, it
should be correlated with activity in the NAcc. In behavioral economics tasks such as the Ultimatum Game, punishment of defectors who had previously acted in an unfair manner was predicted by NAcc activity (Strobel et al., 2011) . However, this punishment took the form of removing a monetary reward. This type of behavior falls short of the typical definition of aggression, which is the act of intentionally harming others who are motivated to avoid the harm (Anderson & Bushman, 2002) . NAcc activity has also been associated with passively viewing the suffering of disliked others (e.g., defectors, envied classmates, outgroup members; Cikara et al., 2011; Singer et al., 2006; Takahashi et al., 2009) . Suggesting a link to behavior, NAcc activity in response to the misfortunes of others also correlates with the motivation to harm them (Cikara et al., 2011; Singer et al., 2006) . But to date, no research has clearly implicated the NAcc as the substrate of actual retaliatory aggression.
VLPFC, NAcc, and aggression. Despite sharing no direct, anatomical connection, the NAcc exists in a regulatory equilibrium with lateral portions of the prefrontal cortex (Heatherton & Wagner, 2011) . The ventral aspect of the lateral prefrontal cortex (VLPFC) shows functional connectivity with the NAcc and serves to REVENGE AND REWARD 8 inhibit and regulate the impulses it generates (e.g., Chester & DeWall, 2014; Wagner, Altman, Boswell, Kelley, & Heatherton, 2013) . The right hemisphere of the VLPFC shows a particular regulatory function (Aron, Robbins, & Poldrack, 2004; Chester & DeWall, 2014) , though the VLPFC is also associated with other processes such as language generation (Nagel, Schumacher, Goebel, & D'Esposito, 2008) . When this balance between the VLPFC and NAcc is tipped in favor of the latter, self-regulatory failure occurs (Wagner et al., 2013) . The VLPFC has been specifically implicated in the inhibition of aggression (e.g., Mehta & Beer, 2010) . Aggression most often expresses itself as a self-regulatory failure, when aggressive impulses over-ride self-regulation (Denson, DeWall, & Finkel, 2012) . Thus, an imbalance that favors the reward-based processing of the NAcc and disadvantages the regulatory functions of the VLPFC might foster aggression.
Current Research
We predicted that after provocation, NAcc activity during aggressive decisionmaking would be positively correlated with aggression. We did not expect to observe this correlation after no provocation. We also predicted that greater VLPFC-NAcc functional connectivity, representing inhibition of the NAcc, would be negatively correlated with retaliatory aggression. To test these hypotheses, 68 participants underwent functional magnetic resonance imaging (fMRI) while completing a modified, competitive task against an opponent that allowed them to administer extremely loud noise blasts (as used by Krämer et al., 2007) . We then assessed the relation between neural activity when participants were determining how loud of a noise blast to administer and their level of aggression (i.e., the volume of noise blasts) arising from REVENGE AND REWARD 9 that decision. These analyses were performed separately for aggressive decisions that followed provocation or not.
To assist in the reverse inference that NAcc activity would represent the experience of hedonic reward, 21 participants also completely a personality questionnaire (i.e., the Angry Mood Improvement Inventory; Bushman et al., 2001) which measures the extent to which an individual's aggressive behavior is motivated by the desire to experience positive affect. We hypothesized that NAcc activity would positively correlate with this measure, reflecting that the NAcc activity does indeed reflect a positively-valenced, rewarding experience during aggressive acts. See the Supplementary Materials available online for a description of two, large behavioral experiments (combined N = 908) that tested this supporting hypothesis.
Methods

Participants
Sixty-nine undergraduates participated in the experiment (68% female; Age: M = 18.70, SD = 0.93). Previous neuroimaging research using this aggression paradigm tested approximately 20 participants (e.g., Krämer et al., 2007) . However, we sought to recruit far more participants in response to recent criticism of functional neuroimaging research's relatively small sample sizes (Button et al., 2013) . We attempted to enroll 80 participants, following the stop rule that participants had to complete the study by the end of the academic year in which they began the study. Participants received course credit and money as compensation. Potential participants were recruited from an introductory psychology subject pool based on their ability to be comfortable and safe in REVENGE AND REWARD 10 the MRI environment, as well as possessing no pathologies that might impact neural activity.
Materials
Angry Mood Improvement Inventory (AMII). The AMII contains an eight-item subscale of particular relevance to our reverse inference issues with the NAcc, the Anger Expression -Out subscale (Bushman et al., 2001) . This subscale assesses the tendency to express angry mood outwardly as aggressive behavior (e.g., I strike out at whatever angers me). Three other eight item subscales measure the tendency to express anger internally, control anger's external expression, and control anger's internal expression. Each item refers to a behavior that participants rate along a fivepoint scale which indicates the degree to which they would like to perform the given behavior to try and feel better when they are angry or furious.
Procedure
Participants arrived at our laboratory where they provided informed consent according to guidelines set by the University of Kentucky's Office of Research Integrity and were again screened for safety in the MRI environment. Then, participants completed a battery of questionnaires that included the Angry Mood Improvement Inventory (Bushman et al., 2001 ) and the item "have you ever been in a physical fight?"
Only the final 21 participants of the study completed the AMII due to a clerical error.
Although the AMII has shown excellent internal and test-retest reliability (Bushman et al., 2001) , its construct validity remains to be established. More specifically, our subscale of interest, the Anger Expression -Out subscale, has yet to be shown to predict increases in mood (i.e., positive affect) after an aggressive act. Towards this REVENGE AND REWARD 11 end, we conducted two behavioral experiments to establish the construct validity of this measure (for Methods and Results see Supplemental Materials available online).
Several days after the initial laboratory visit, participants arrived at the University of Kentucky's Magnetic Resonance Imaging and Spectroscopy Center. Participants were told that they would complete a task in the MRI scanner against a same-sex University of Kentucky student who was also in an MRI scanner connected over the internet. Participants then completed the aggression paradigm while undergoing fMRI.
To assess the neural correlates of both retaliatory and non-retaliatory aggression, we employed a version of the classic Taylor Aggression Paradigm that was adapted for the fMRI scanner (Dambacher et al., 2015; Krämer et al., 2007; Taylor, 1967) . In this task, participants repeatedly compete against a fictitious opponent to see who can press a button faster, the loser of the competition then receives an aversive noise blast, the volume of which is determined by the opponent. The volume of the noise blast setting is the dependent measure of aggression. The aggression paradigm was implemented as a blocked design that closely matched the parameters of previous fMRI studies that have used this fMRI paradigm (Figure 1 ).
Figure 1. Schematic of fMRI aggression task.
The task was introduced to participants as a competitive reaction-time task in which participants would compete against a same-sex undergraduate student who was connected to them over the internet. Each of the task's 12 blocks began with a fixation trial that modeled baseline neural activity (20s), which was then followed by the Aggression trial (7.5s) in which participants set the volume of a noise blast to be delivered to their partner if their partner lost the competition. Volume settings ranged from 1 (not audible) to 4 (aversively loud). Participants then viewed a blank screen with a jittered duration (0.5/1.0/1.5s) that was replaced by a Competition trial in which participants quickly pressed a button when a red square appeared on the screen (3.5/4.0/4.5s). Participants then viewed their opponents' pre-programmed volume settings that were categorized as low (i.e., 1, 2) or high (i.e., 3, 4) in provocation (7.5s).
Finally, participants saw whether they won or lost the competition and received a noise blast if they lost (7.5s). Retaliatory Aggression trials were those that followed high levels of provocation and Non-Retaliatory Aggression trials were those that followed low levels REVENGE AND REWARD 13 of provocation. The 12 blocks were characterized by a 5 Retaliatory and 7 NonRetaliatory trials that were randomly ordered yet held constant across participants (See Table 1 for order). Wins and losses were also randomized yet held constant across participants. 
Analysis
All MRI data were obtained using a 3.0-tesla Siemens Magnetom Trio scanner using a 32-channel head coil.
Echo planar BOLD images were acquired with a T2*-weighted gradient across the entire brain with a 3D shim (matrix size = 64 x 64, field of view = 224mm, echo time = 28ms, repetition time = 2.5s, slice thickness = 3.5mm, 40 interleaved axial slices, flip angle = 90°). To allow for registration to native space, a coplanar T1-weighted MP-RAGE was also acquired from each participant (1mm 3 isotropic voxel size, echo time = 2.56ms, repetition time = 1.69s, flip angle = 12°).
The Oxford Center for Functional MRI of the Brain (FMRIB)'s Software Library (FSL version 5.0) was used to conduct all preprocessing and fMRI analyses (Smith et al., 2004; Woolrich et al., 2009 pre-whitening, spatial smoothing with a 5mm full width half maximum Gaussian kernel, and high-pass temporal filtering (100s cutoff).
Preprocessed fMRI data from the aggression task were then analyzed using a two-level general linear model approach. First, each participant's BOLD signal was modeled with a fixed-effects analysis which modeled aggression trials as events using a canonical double-gamma hemodynamic response function with a temporal derivative.
Aggression trials were separately modeled depending on whether they were preceded by a high provocation block (Retaliatory Aggression) or a low provocation block or no block (Non-Retaliatory aggression). Aggression trials were not modeled differently if they were preceded or followed by a win or loss because aggression reflects the attempt to harm another against their will (Anderson & Bushman, 2002) 
Whole Brain Analyses
To assess other potential neural correlates of aggression and to provide additional evidence for the association between the NAcc and retaliatory aggression, we conducted two whole brain analyses. In the first analysis, we contrasted neural activation associated with Retaliatory > Non-Retaliatory Aggression. However, because these trial-types only represented the opportunity to aggress and did not capture associations with aggression itself, we conducted a whole-brain regression analysis in REVENGE AND REWARD 20 which retaliatory aggression scores were modeled as a regressor for neural activity during the Retaliatory > Non-Retaliatory Aggression contrast. This regression analysis allowed us to assess neural regions that were associated not only with Retaliatory
Aggression trials, but with the actual levels of aggression participants displayed.
Main effect analysis. Retaliatory Aggression trials, after being contrasted
against Non-Retaliatory Aggression trials, were associated with several large clusters of neural activity (Table 2) . We replicated the findings of previous research in that retaliatory aggression trials were associated with activity in the inferior frontal gyrus, posterior cingulate, precentral gyrus, and superior temporal gyrus (Krämer et al., 2007) .
However, we also observed greater, bilateral activity in the hippocampus that extended rostrally into the amygdala, as well as greater activity in the posterior insula and postcentral gyrus. No activated voxels were observed in the NAcc. Regression analysis. When retaliatory aggression scores were correlated with brain activity, we saw a very similar pattern of results as to the main effect analyses (Figure 4 ; Table 3 ) with large clusters spanning across the amygdala, hippocampus, posterior insula, pre and postcentral gyri, and superior temporal gyrus. However, these regression results, when underlaid beneath the main effect contrast activations, revealed additional, previously unobserved clusters in the left NAcc, dorsal striatum, dorsal anterior cingulate cortex, and DMPFC ( Figure 5 ). 
Discussion
The damage done by human aggression is well known, yet what motivates this behavior is less understood. Perhaps the best-known causes of aggression are REVENGE AND REWARD 24 provocation and the negative feelings that result from it (Anderson & Bushman, 2002) .
However, provocation appears to render retaliatory aggression as a rewarding experience (Ramírez et al., 2005) , though a direct test of this hypothesis is lacking. In an effort to empirically substantiate this claim, we sought to implicate the function of the brain's reward circuitry as a substrate of retaliatory aggression. Supporting this prediction, activity in the left NAcc during aggressive decisions was associated with greater aggressive behavior after provocation. This association represents an initial step towards placing hedonic reward as a key contributor to retaliatory aggression.
In addition to this contribution, our findings largely replicated previous research on the neural correlates of retaliatory aggression that included regions of the cingulate cortex, dorsal striatum, insula, lateral and medial aspects of the prefrontal cortex, and superior temporal gyri (Dambacher et al., 2015; Krämer et al., 2007; Lotze et al., 2007) .
The absence of NAcc activity during retaliatory aggression from these previous studies may stem from their relatively smaller sample sizes and the associated ability to detect more subtle, subcortical neural activity. The large clusters of activation that we observed in the hippocampi and DMPFC during retaliatory aggression fit nicely with previous research that implicate these regions as critical neural substrates of anger and angry rumination in response to provocation (Denson et al., 2008) and punishment (Lotze et al., 2007) . Future aggression research will benefit greatly from exploring the specific role that each of these regions play in motivating and regulating aggressive behavior.
Modulation of these various regions through brain stimulation and psychoactive drugs presents itself as a promising avenue to disentangle their various contributions.
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If greater NAcc activity promotes aggression, then the inhibition of this region should also predict inhibited aggression. We demonstrated that the more that participants' left NAcc showed functional connectivity with the right VLPFC during aggressive decisions, the less retaliatory aggression they perpetrated. This finding supports the central tenets of balance theory that construes self-regulatory failures (e.g., aggression) as arising from an imbalance in the brain that favors subcortical structures in relation to their regulatory counterparts in the prefrontal cortex (Heatherton & Wagner, 2011) . Although we made a bilateral prediction regarding the NAcc, the effects we observed were specific to the left hemisphere. The specificity of our associations with the left and not the right NAcc are possibly due to the lateralization of positive valence to the dominant, left hemisphere even among such subcortical structures as the NAcc (Berridge & Kringelbach, 2013; Kühn & Gallinat, 2012) .
This emphasis on hedonic reward as a potent contributor to aggression stands in stark contrast with conventional approaches to aggression research that emphasize the role of negative affect and aversive states like heat (Anderson, 1989; Berkowitz, 1989) .
However, our results are not meant to contend with such models, rather we hope that they add nuance to them. Consistent with previous research showing that aggression is often perceived and utilized as a means to alleviate negative affect (Bushman et al., 1999 (Bushman et al., , 2001 , we expect that negative affect may motivate individuals to seek out sources of hedonic reward to regain affective homeostasis. As our results suggest, aggression may be such a perceived source of pleasure. These findings have clear implications for treatments and interventions that target reducing aggression. Indeed, if aggression is motivated by reward then such treatments should adopt practices from REVENGE AND REWARD 26 addiction treatment models that often seek to mitigate the role of cravings and anticipated reward.
A lingering question is whether the NAcc activity we observed represents currently-felt reward, anticipated reward, or some other psychological process altogether. Issues with reverse inference that are inherent in functional neuroimaging make this a difficult inquiry to resolve (Poldrack, 2006) . It deserves to be noted that reverse inference is a problematic aspect of almost all research (e.g., does a self-report of anger truly represent the experience of that process?). Indeed, NAcc activity is not a pure neural signature of reward, given the role of the NAcc in broader learning and motivational circuitry (Floresco, 2015) . Yet a wealth of meta-analytic evidence from hundreds of functional neuroimaging studies suggests that the NAcc is most reliably associated with reward (Bartra et al. 2013; Berridge & Kringelbach, 2013; Diekhof et al., 2012; Kühn & Gallinat, 2012) . To support this reverse inference within our own study, we found that, in the context of our aggression task, NAcc activity represented positively-valenced reward in the form of the observed correlation between NAcc activity and the tendency to use aggression to experience positive affect. This correlation suggests that, NAcc activity represented the anticipation of positive affect. Indeed, research on the NAcc appears to implicate it as being associated with the anticipation of a rewarding stimulus more than the current, hedonic sensation (Berridge & Kringelbach, 2013) . As such, the NAcc activity we observed may represent the expected reward of aggression and less so the currently-felt level of reward. This anticipatory function of the NAcc and its relation to aggression fits nicely with recent meta-theoretical evidence that anticipated emotion is a potent motivator of social behaviors (Baumeister, Vohs, DeWall, & Zhang, 2007; DeWall, Baumeister, Chester, & Bushman, in press ).
We cannot disentangle the extent to which the NAcc activity we observed during retaliatory aggression was due to the reward of aggression itself, or the outcome of seeing the provocateur punished for their incendiary acts. Previous research linking the act of simply observing the punishment of provocateurs has also shown NAcc reactivity (Singer et al., 2006; Krämer et al., 2007) . Future research should seek to disentangle the rewarding nature of aggression per se and the achievement of its intended outcome.
Additionally, we cannot be sure that activity in the rVLPFC represented self-regulatory processes as this region has also been implicated in such psychological processes as language generation (Nagel et al., 2008 ).
Yet why would these effects be observed only for retaliatory aggression? The behavioral literature shows very clearly that aggression is only rated as pleasant when it occurs after a provocation (e.g., Carré et al. 2010) . We speculate that this specificity of reward's association with retaliatory aggression is likely due to evolutionary forces that selected for a motivational system that spurred individuals towards inflicting reciprocal costs on those who reduced their reproductive fitness (McCullough, Kurzban, & Tabak, 2013) . Implicating the motivation to maintain justice, the positive affect associated with 'righting a wrong' appears to motivate aggressive behavior (Gollwitzer & Bushman, 2012) . Thus, ancient retributive motivations and more modern desires for equity may underpin the specificity of reward in motivation retaliatory aggression. However, the ability of self-regulation to undermine the effect of reward on aggression offers hope for reducing human violence.
Supplementary Materials
In the main manuscript, NAcc activity during Aggression trials was positively correlated with the Anger Expression -Out subscale of the Angry Mood Improvement Inventory (AMII; Bushman, Baumeister, & Phillips, 2001 ). This subscale is thought to measure the dispositional tendency to express anger in the form of aggression in order to improve mood. As such, this correlation was performed to suggest that NAcc activity represents the experience of positive affect in the context of retaliatory aggression.
However, the Anger Expression -Out subscale of the AMII has yet to be examined in regards to its ability to predict actual mood improvement, and whether this occurs through decreases in negative affect, or increases in positive affect. This is a necessary finding to demonstrate in order to bolster our assertion that NAcc activity in our main manuscript represents the experience of positive affect in response to aggression.
In order to do so, we tested the hypothesis that the Anger Expression -Out subscale of the AMII would be associated with post-aggression increases in positive affect, thus validating this measure. To test this hypothesis, we conducted two experiments in which participants were randomly assigned to experience negative affect or not, completed the AMII, reported their current levels of positive and negative affect, were given the opportunity to engage in aggression, and then reported their current levels of positive and negative affect again.
Supplementary Study 1
Study 1 recruited a relatively large sample of MTurk workers to experience social acceptance or rejection, complete all subscales of the AMII, report their mood, retaliate against their accepters or rejecters by sticking pins in a virtual doll that REVENGE AND REWARD 38 represented them, and then again reported their mood. We predicted that among rejected (but not accepted) participants, the Anger Expression -Out subscale of the AMII would predict greater post-aggression positive affect.
Methods
Participants
Participants were 573 adults (46.6% female; Age: M = 34.74, SD = 11.47; range 18 -75) who were recruited from Amazon's Mechanical Turk website. Participants were paid $0.50 for their participation.
Procedure
All procedures of this experiment occurred through an internet website. After providing informed consent, participants were randomly assigned to be socially excluded or included via the Cyberball paradigm (Williams, Cheung, & Choi, 2000; Williams, Yeager, Cheung, & Choi, 2012) . Participants were told that the purpose of the task was to practice their ability to mentally visualize events, which took the form of a virtual ball toss game which participants ostensibly played with two other same-sex undergraduates. Out of the 30 ball tosses preprogrammed into the game, participants were randomly assigned to receive either 10 tosses distributed equally throughout the task (inclusion condition) or just 3 tosses at the beginning of the task and then no more while their partners passed the ball back and forth to one another (exclusion condition).
Participants then reported their levels of negative and positive affect using the 8-item subscale of the Need Threat Scale (Williams, 2009 ).
Participants then were given an opportunity to retaliate against one of their partners from Cyberball using the Voodoo Doll Task (DeWall et al., 2013) . In this task, REVENGE AND REWARD 39 participants view an image of a cloth doll and are given the option to stab 0 to 51 pins in the doll, a form of aggression. This task has shown excellent reliability over time, corresponds to other measures of aggression (e.g., trait aggression questionnaires, noise blasts directed at others), exhibits appropriate responsiveness to laboratory provocations, and tends not to vary whether the task is administered in the laboratory or over the internet (DeWall et al., 2013) . In this task, participants imagined the doll as one of their Cyberball partners. Participants then reported their levels of negative and positive affect using the same mood measure as before. Finally, participants completed a battery of personality questionnaires that included the AMII. 
Results
Excellent
Supplementary Study 2
Having demonstrated the construct validity of the Anger Expression -Out subscales of the AMII, Study 2 sought to replicate these effects among a sample that REVENGE AND REWARD 40 closely matched that of the fMRI study reported in this manuscript. Specifically, we recruited undergraduates and tested them in our laboratory on the identical procedure as in Study 1, except that we used a different aggression measure.
Methods
Participants
Participants were 335 adults (69.2% female; Age: M = 18.66, SD = 0.99; range 18 -26) who were recruited from the University of Kentucky Introductory Psychology Subject Pool. Participants received partial course credit for their participation.
Procedure
Participants arrived at our laboratory for an experiment that was ostensibly about the link between imagination and mood. Procedures were identical to Study 1 with the exception that the aggression measure we used was the Taylor Aggression Paradigm (Anderson & Bushman, 1997; Giancola & Chermack, 1998; Taylor, 1967) . In this paradigm, participants believe they are playing a competitive reaction-time game against one of their partners who from Cyberball. The goal of the game was for participants to press a button faster than their opponent. Serving as our measure of aggression, participants could select the volume and duration of an aversive noise blast that was administered to their opponent if they lost a given trial. Participants completed 25 trials of the task which was pre-programmed to allow participants to win approximately 50% of the trials. 
Results
Adequate
Discussion
Across two behavioral experiments, we demonstrated that the Anger Expression-
Out subscale of the AMII shows construct validity in that it predicts increases in positive affect after aggression. We did not observe post-aggression mood improvement in the form of reductions in negative affect. Instead, we only observed increases in positive affect. Thus, this questionnaire likely represents the experience of pleasure during aggression, and not the reduction of aversive feeling states, which fits nicely with the correlations we observed between this scale and aggression-specific activity in the NAcc, a brain region that subserves the hedonic experience of pleasure (Berridge & Kringelbach, 2013) .
